PUBLIC HEALTH personnel untrained in demography are now being asked to undertake population programs. Since demography was not part of their education, they find it difficult to acquire facility in handling the basic demographic calculations which are necessary for practical planning and decision making.
The important demographic relationships are relatively simple anid predictable although based on sophisticated calculations. The 
The scale of nuimber of years to double the population is based upon the equation Ten successive 5-year population projections were then based on these fertility and mortality rates. As the existing population grows older, these constant age-specific rates can be expected to make varying contributions to the total growth rate. Nevertheless, line A of figure 1 shows that the average annual percentage increase in population during each 5-year interval would never differ substantially from the intrinsic rate of 4 percent that eventuallv would be sustained. To project the potential impact of family planning programs we must next consider the effect of a dramatic reduction in fertility rates. The distortion in age distribution that ensues will cause the natural and the intrinsic rates to diverge. To investigate this result, we postulated a sudden halving of each age-specific fertility rate in 1963 followed by a retention of the reduced level. Although such a reduction is far more abrupt than that which could be realistically anticipated, it would produce natural rates of increase that vary between only 1.7 and 2.3 percent. As shown in line C of figure 1, the natural rate would fall immediately to 1.8 percent, very close to the level at which it would eventually stabilize. A normal result of the demographic transition in birth and death rates is a shift in age distribution. A decline in childhood mortality is followed by an increase in the number of adults wlho reach reproductive ages. Line C of figure 1 slhows that the transitory increased fertility produced by this age shift is not major whenl the birth rate is halved abruptly. When the birth rate falls more gradually, as is normally the case, the effect is even less pronounced. This is slhown by the gently sloping line B which projects a halving of age-specific fertility rates in regular intervals over a 40-year span.
To furtlher illustrate transitions in growth rates we projected the U.S. nonwhite population o-er the half-century beginning in 1963 (5) . Linie D in figure 1 depicts results based upon 1963 age-specific fertility rates, whereas line E reflects an immediate reduction by onetlhird, which would bring the crude birth rate virtually to the level of the U.S. white population. The patterns followed by lines D and E are quite similar to those of lines A and C respectively.
Thus, one can generally deal with the convenient natural rates of increase, which are easily calculated from the crude rates usually available. To develop the formulations and graphs for this analysis, however, it was necessary to employ the more refined intrinsic rate of increase as a measure of population growth.
Primary Determinants of Growth Rate
Although public health personnel normally are concerned mainly with reducing mortality rates, in family planning these are accepted as exogenous and given. Attention currently is focused specifically upon possible mechanisms for reduction of fertility. Two major determinants which are the final common pathways for the effects of other variables are (a) a decreased number of children per family and (b) an increased intergeneration span. Reduced fertility does niot correspond directly to the acceptance rate for a particular family planning device, for many women accept the device merely as a convenient substitute for their present form of contraception.
An appreciation of the relative strength under varying situations of each of the two basic determinants can be gained from figure 2. Each of the curved lines represents the number of children per family surviving to age 15, assuming that 49 percent are girls. The abscissa and ordinate scales then permit a comparison of the relative effectiveness of the two alternative approaches to fertility reduction. This is essentially a reformulation of an equation used by Coale and Tye (6), who in turn had re-examined the work of Dublin and Lotka (7) . To depict the basic association as simply as possible, we ignored the somewhat greater risk of mortality to the mother that accompanies an increase in the average age of childbearing. (Admittedly, this This means that a reduction in mean number of surviving children from 6 to 4.5 is equivalent in effect to an increase in the intergeneration span from 25 to 34 years.
For a greater reduction in growth rate, such as could be achieved by a 30 percent reduction in mean number of surviving children, the alternative of an increase in intergeneration span would be even more difficult to achieve-close to 50 percent. Thus, even if the intergeneration span were as low as 25 years, it would have to be raised unreasonably to 37 in order to achieve the same effect as a reduction in mean number from 6 to 4.2 surviving children.
On the contrary, if families are very large initially, the effect of an increase in intergeneration span is relatively large. For example, if the initial mean number of surviving children is eight, a 25 percent reduction in mean number (to 6) is equivalent in effect on intrinsic rate to a 28 percent increase in intergeneration span (say from 25 to 32). This is to be compared to the required increase in intergeneration span to 34 years when the mean number of surviving children was six.
If the cost of each 1 percent reduction in mean number could be equated to the cost or difficulty of achieving a certain increase in intergeneration span, then a diagonal could be drawn in figure 2 that would help to choose between the two alternatives. If Thus we can gain insight indirectly into the costs of alternative approaches in terms of the required changes in behavior patterns. This is perhaps the best we can hope for, particularly in light of existing cultural blocks and complex administrative restraints that may overbalance these straightforward demographic considerations.
From the preceding appraisal of figure 2, we can make the following generalization. The use of approaches such as delaying the age of marriage in order to increase the intergeneration span will be relatively more effective when families are large initially, and where one must settle for modest reductions in the birth rate. It is doubtful, however, whether ambitious programs in family planning can be successful in the long run without giving primary attention to reducing family size. In practice, of course, limiting family size by starting to have children at the same rate as before and then abruptly stopping childbearing will have a negative effect on intergeneration span by reducing the average age of maternal childbearing. Apart from these subtle but important relationships between mean number of surviving children and intergeneration span, it must be realized that most family planning programs rely upon the combined effect of both approaches. Still it is helpful to identify the probable relative effects of a different balance of determinants.
Procedure for Evaluating Determinants
Although an understanding of the relative influence of intergeneration span and mean number of surviving children is of general interest, the fieldworker must work with more detailed able, survival values for children and women can be obtained more directly from them. Subsequent use of the nomograms requires female survival during the childbearing years to be stated as an average annual rate. In this instance the appropriate average is the geometric mean of the annual probabilities of survival during the entire 15-49 age span (8) .
To determine the total number of live births per woman we use a cohort of 10,000 ten-yearold girls subject to the prospective fertility rates in table 2 and immune from death. They can be expected to produce eight children in each of the first 5 years, 1,186 in each of the next 5, and so on. By the age of 50 they will have produced 8 X natural rate of increase. The intersection also identifies the estimated number of years required for this rate of increase to double the population. In Costa Rica the natural rate of increase is 39 per 1,000 population, which suggests an annual growth rate of 3.9 percent and a doubling of the population within 18 years.
Specify an acceptable growth rate. Turning from a view of present conditions to future objectives, suppose that the basic family planning goal is to double the population in no less than onie-third of a century. In the nomograms of figure 4 we located the value 33 years on scale I, the value 100 percent on scale II, and connected the two points with a line that extends to scale III. The intersection at scale III reveals a target growth rate of 2.1 percent per year. The broken line in figure 3 shows that, neglecting any change in the crude death rate, suclh an achievement would require a reduction in the crude birth rate to just under 30. Other implications of the goal can be seen from figure   4 ; for example, a population increase of 50 percent in approximately 20 years.
Adjust for female mortality during the childbearing years. The next step is to analyze the relation of the prescribed growth rate to family size and intergeneration span. In doing so, however, we must consider the level of adult female mortality. Scale III assumes this factor to be inconsequential, whereas scale IV is based upon an average annual mortality rate of 1 percent during the childbearing period (fig. 4) . The actual circumstances are likely to be between these two extremes, thus requiring interpolation.
With adult female mortality in Costa Rica estimated to be one-fourth of 1 percent (Sm= 0.9975), we have located the point that is onefourth of the distance between 2.1 on scale III and the corresponding point on scale IV (indicated by arrows).
Establish reasonab7e values of mean number of surviving children and intergeneration span. Any line extending from the prescribed point on scale III-IV to scales V-VI and VII indicates a potential combination of M and C values that would produce the desired growth rate (fig. 4) . In determining the Al value applicable to a given case, interpolation between scale V-VI must be accomplished in the same manner as it was on scale III-IV.
It is unlikely that all of the lines emanating from the value 2.1 on scale III-IV will represent viable alternatives. At one extreme wve might suppose that the intergeneration span would remain at 28.7 years, thereby forcing M to be reduced unreasonably from 6.3 to less than 4. At the other extreme we might consider the number of surviving children to remain 6.3, thereby forcing G to increase to a nonsensical 50 years.
Feasible alternatives are likely to lie within the funnel formed by these two extremes. From figure 4 , for example, the family planner might reason that the intergeneration span might be extended to 32 years but not beyond, in wvhich case Mv would have to be reduced to roughly 4.1. This result is shown by the solid line extending to the center of scale III-IV and across V-VI and VII. Assess the implications of the level of mean number of surviving children selected. For further insight into the reasonableness of the level of M derived above, we analyzed the restrictions it imposes upon the average number of live births per woman. This is a function of survival rates during childhood. With Sc estimated to be 0.877 in Costa Rica, we might postulate no foreseeable improvement and record a childhood death rate of 12 percent on scale VIII, transfer the AI value of 4.1 from scale V-VI to scale X, and connect the selected points on scales VIII and X to intersect scale IX at B=4.7 ( fig. 4) . The family planner now knows that he has to reduce the number of live births per woman from 7.2 to 4.7, or perhaps further if childhood mortality rates are reduced.
Assess the implications of the levels of mean number of births and intergeneration span selected. The first set of scales (I-VII) establishes the overall relationship between R, M, and G ( fig. 4) . Scales VIII-X review the ramifications of the M value selected. Now the selected G value must be transferred from scale VII to scale XVI and the consequences reviewed. As mentioned earlier, intergeneration span is the sum of the mother's age (A1) at the birth of her first child and the halfspan (H) of her period of actual childbearing. When the halfspan and the total number of live births (B) per woman have been specified, the average interval (I) between births is fixed; therefore the value Public Health Reports of B derived from scale IX must be entered on scale XI in order to analyze its relation to I and H and ultimately to G.
Suppose, for example, that mothers typically bear their first children at age 20. This informamation wvould be inserted on scale XV and, coupled with the G value of 32 from scale XVI, would produce on scale XIV a required H of 12 years. Since scale XIV is an arithmetic scale, H must also be entered on the logarithmic scale XIII so that it may be related to B = 4.7 on scale XI to show (scale XII) that a 6.5 year interval betwveen births has been imposed.
Since an interval of this length would probably be considered unrealistic, the family planner would seek to modify some of the other conditions. To illustrate, he might decide that the most that could be expected would be a spacing of 4.5 years. The resulting line across scales XI, XII, and XIII would yield a halfspan of less than 9 years. If he continues to deal with an intergeneration span of 32 years, the first birth must be postponed until after the mother has become 23 years old.
To summarize, one way to reduce the Costa Ricall growth rate from 3.9 percent to 2.1 percent annually would be to induce the typical woman to marry late enough that her first child would not be born before she was 23 years of age. She must also be motivated to space subsequent births at 4-to 5-year intervals until she had borne a total of five children, four of whom could be expected to live to adulthood.
Additional "solutions" could be developed from the nomograms, which incorporate the interrelationships among all the variables cited, so that inconsistencies are made obvious. Application of a certain amount of trial and error to Family planning programs must deal with a set of interrelated variables, some of which are targeted in advance to reach some desired level. The function of the nomograms, then, is to identify the resulting impact upon the remaining variables. Since the target variables will not always be the same, it follows that the steps taken in probing the reasonableness of the program proposal will not always be in the order described for Costa Rica.
To illustrate this, we consider the prospect of altered fertility patterns among the U.S. nonwhite population. In particular, what would happen if the average nonwhite woman were motivated to bear a total of only three children spaced 4 years apart beginning at age 22. Presumably such a proposal would be based upon estimates of existing conditions, as recorded in table 3, and experienced judgments concerning the prospects for change.
The nomograms of figure 4 are reproduced in figure 5 to show the appropriate entries relevant to the U.S. nonwhite population. The analysis of proposal ramifications begins by locating the point B=3 on scale XI, the point 1=4 on scale XII, and extending to scale XIII a line connecting these points. This shows a halfspan of 4 years, a result which is also noted on scale XIV, and associated with the age A1=22 on scale XV to produce a line which extends to the point G=26 on scale XVI. Thus, the proposal yields an intergeneration span of 26 years. (In this instance the result was so obvious that it could have been obtained by some quick mental arithmetic. The nomogram approach is also fast, however, even when a more complex set of numbers is used.)
Because it is not feasible to introduce mortality improvements into our calculations, we can anticipate, from table 3, that 6 percent of the births will lead to death (including neonatal death) before age 15, and we enter this prospect on scale VIII with the value B1=3 on scale IX. The line that cuts these points and extends to scale X produces an Mt value of 2.8.
This leads to the crucial matter of deriving an intrinsic growth rate from the intergeneration span and the mean number of surviving children. We enter the value GC=26 on scale VII and locate the level ill=2.8 oni scale V-VI, noting that Sm=0.996. On scale III-IV the intrinsic growth rate is 1 percent, which is approximately the current rate of increase of the U.S. white population.
Some interesting ramifications of this growth rate can be observed from scales I and II. For example, under these circumstances the nionwlhite population will have increased by 36 percent by the year 2000 (in 31 years).
If the anticipated values of JI and G are compared with the values shown in table 3, the proposal would reduce .1 by more than 30 percent (from 4.1 to 2.8), whereas G would be increased by only 4 percent (from 25.1 to 26.0). This may raise the question of whether more of the burden should be shifted to the intergeneration span through child-spacing. Figure 2 readily provides insight into this question. Here the substitute for a 30 percent reduction in 1f is so large an increase in G that it exceeds the limits of the graph (113 percent). Even a proposal to shift half (15 percent) of the reduction in 211 to an appropriate increase in G seems unsound, for figure 2 shows that G would have to be raised by 32 percent, from 26 to 34 years. Modifications that seem to be reasonable can be checked via the nomograms for their impact upon each of the relevant variables.
The relative ineffectiveness of postponed childbearing in the U.S. nonwhite population is especially interesting since U.S. nonwhite women bear their children at a young age (G= 25.1 versus 28.7 in Costa Rica). The reason for the ineffectiveness of an increase in intergeneration span stems, paradoxically, from the lower level of mean number of surviving children in the U.S. nonwhite population. As we noted earlier in discussing figure 2, an increase in intergeneration span is most effective as a means of reducing population growtlh when families are very large and a moderate reduction in the growth rate is being proposed. Where the mean number of surviving children is six, as it is in Costa Rica, the effect of a 15 percent reduction Public Health Reports in mean number of surviving children is equivalent to an 18 percent increase in intergeneration span. This is in sharp contrast to the 32 percent increase in intergeneration span which would be required as a substitute for a 15 percent reduction in mean number of surviving children from an initial level of four.
Conclusions
The nomograms can be used for a number of purposes other than those illustrated. They offer evidence of the practical ramifications of dissimilar conditions in different countries or in different segments of the same population. Hence they call attention to the fallacy of following a single approach everywhere. Moreover, they can be used to assess quickly the likely impact of certain anticipated changes in exogenous conditions, such as a reduction in infant mortality. Briefly, the graphs are designed for a quick review of general, quantitative relationships.
The graphs are by no means a substitute for simulations and other studies of transitional and dynamic effects of specific programs in individual countries. In particular, they do not deal with the important indirect association between changing rates of acceptance of a given form of contraception and the degree to whicl acceptance becomes reflected in reduced fertilitv or increased intergeneration span. The rate and effectiveness of acceptance depend upon parity, the extent to which other forms of contraception are being supplanted, and motivational factors, such as socioeconomic status, program publicity, and availability of family planning facilities. All of these factors are beyond the scope of this paper.
